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Abstract 
A series of experiments were carried out to determine the 
industrial feasibility of using "no wash" fluxes to produce 
commercial circuit boards of medium to dense population. It was 
found that at the present time these fluxes do not fall within 
specifications set by the electronics industry. 
In the past, fluxes have been of the rosin type, deriving 
their activity from halides and requiring extensive cleaning after 
soldering. However, these new fluxes derive their activity from 
organic acids and it was claimed that they left no residue harmful 
q 
to the electronics. The findings of this report contradict these 
claims. 
Programs had been set up to test the effectiveness and 
I 
\/ 
cleanliness of the halide based fluxes but no equivalent program 
·had been set up for testing the new\fluxes. This report describes 
I 
' 
in detail a series of experiments which effectively evaluate "no 
wash" fluxes. 
1 
I . 
.... 
1.0 Introduction 
It is inevitable that the majority of the people who read 
this work will not be familiar with soldering or solder 
technologies. For this reason, it is my intention to begin this 
report with a short introduction about soldering, placing emph~is 
on the import~nce and variety of fluxes. 
Soldering is most simply defined as the joining of two metal 
surfaces ~~i,rig, as a binder, a third metal or alloy of lower 
melting temperature. The two surfaces to be joined are placed in 
contact with the melt~d solder. Upon cooling, this solder 
dissolves some of the metal it is in contact with and forms a 
strong intermetallic compound. In electronics the surfaces to be 
soldered can be tin, gold, copper or aluminum and the solder is a 
tin lead alloy. 
However, soldering is not as simple as it appears, especially 
in the electronics industry where stringent controls are imposed 
on solder temperature, alloy content, and metal cleanliness. All 
conditions must be met so that the solder forms a strong, 
electrically sound bond between the two metals. In the majority 
of instances the soldering process looks similar to figure 1 on 
the following page. The populated board passes through an area 
where flux is applied in either a foam or spray form. The board 
then continues along a heated tunnel which raises the temperature 
of the board, increasinJ the activity of the flux an~ protecting 
'. _)-·-' 
2 
/ 
,, 
Figure 1.1 The Soldering Process 
,. I 
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the board and components from the thermal shock which might occor 
if cool boards came in contact with the molten solder. The actual 
soldering involves the use of two waves. The first of these waves 
is a turbulent wave which effectively coats all joints with a 
layer of solder. The second wave is a broad, gentle wave which 
draws excess solder off the board leaving a smooth, sound solder 
• 
joint. 
To ensure a good joint, both of the surfaces to be joined 
must be clean. Cleanliness dictates that no oils, dirts or most 
importantly oxides can be on these surfaces. Fluxes do not remove 
oils or dirt so in most cases the board is cleaned before it is 
populated. The only obstacle at the time of soldering is the 
oxides on the metal surfaces. It is job of the flux to remove 
these oxides prior to soldering. 
1.1 Flux Types 
Fluxes are designed specifically to remove oxides, prevent any 
further oxidation before soldering and to lower the interfacial 
surface tensions to promote wetting. It was originally discovered 
that the sap from a particular pine tree, when placed on materials 
before soldering, increas~d the strength of the joints. This sap 
was later modified by removing the terpentine from it. This is 
the major ingredient of rosin solder and has been the basic flux 
material for many years. 
Activated rosin fluxes, designated RMA or RA, are rosin flux 
to which small amounts of organic acids or chloride salts have 
4 
been added. These fluxes effectively remove oxides put in most 
cases are dangerous to electronics if not cleaned completely from 
the finished boards. 
The second classification of fluxes are the organic water 
soluble fluxes. Instead of containing rosin they contain certain 
types of water soluble acids. The chloride content of these 
fluxes is typically between 2 and 5%. The residue that remains 
after soldering can, and must, be removed with water. 
The newest types of fluxes are the inorganic non-water 
soluble fluxes. The first flux in this catagory is the 
synthetically activated flux (SA). This flux contains no evidence 
of rosin but instead gets its high activity from the chlorine and 
other halides that it contains. The residue left by these fluxes 
is extremely dangerous to electronics and must be removed with 
chlorinated or fluorinated solvents which in themselves may 
present problems. 
The final flux in this catagory is the "no wash" flux. This 
" flux is also commonly described as a low solids flux. It • lS 
typically only about 2-5% solid material. Though much of the 
information about these fluxes is proprietary, they are said to 
derive their activities solely from organic acids with no 
additions of any other activating agents. From my own study this 
seems unlikely. The minimal amount of residue that remains on the 
surface is described by the manufactures as "nearly invisible, not 
sticky and having good insulation resistance properties". 1 All of 
these claims will be examined in the following report. 
5 
• 
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1.2 Flux Characteristics 
Having examined the types of fluxes the question remains; 
What is desirable in a flux? The most important criteria is that 
the flux be able to remove the oxides from the metal surface in 
. . . 
order to present a cl~an surface ~o be soldered. The 
effectiveness with which a flux removes this oxide is described as 
its activity. It is advantageous to have a flux that is active 
enough to remove the oxide yet not so active that it has 
detrimental effects on the metallization, the substate or the 
printed wiring board (PWB). 
A second criteria is that the flux be temperature stable so 
that it remains active on the surface of the board until 
soldering. If a flux volatilizes at too low a temperature, the 
solder pads and leads wil1 have enough time to form an oxide, 
defeating the purpose of the flux. 
Application is another area to be considered. As was 
mentioned earlier a flux can either be sprayed on or applied by 
foaming. Foaming is a process where air is forced through an 
aerrated tube in a container of flux. The air causes the flux to 
foam and overflow the container in a wave. This method is 
particularly effective because the small bubbles created by 
foaming effectively penetrate all areas of the circuit board. 
However, some fluxes foam more effectively than others. Since 
foaming chara~teristics were part of this project, plans of the 
foam flux apparatus are available in appendix A. 
The final criteria is one of the most important. The flux 
6 
must be able to be cleaned off the board effectively, or in the 
case of the no wash fluxes, it must leave no harmful residue. 
Prior to the existance of no wash fluxes the residue was always 
removed by cleaners. In many instances this cleaning involved 
\ 
' mechanical scrubbing, detergents or more potent alcohol based 
solvents. In all cases, the process of cleaning was expensive and 
the cleaners that were used were flammable or diffucult to work 
with. If no wash fluxes could be used the~ cost savings would be 
substantial. 
The key words in the above paragraph are harmful residue. 
What is a harmful residue and why? With these questions coming to 
light the following section introduces the most important aspects 
of corrosion in electronics and the role of impurities. 
1.3 Corrosion Theory and Contaminant Review 
The goal of this project is to characterize low residual 
fluxes and discuss the drawbacks that might be encountered if they 
were to be used in existing commericial processes. The most 
common problem will likely be the failure of the electronics due 
to corrosion of the circuit board and components. "Corrosion is 
the destructive attack of a metal by chemical or electrochemical 
reaction with its environment. 112 Corrosion should be viewed.from 
both thermodynamic and kinetic aspects. Thermodynamics gives 
theoretical tendencies while reaction kinetics can determine the 
actual corrosion rates. 
' . 7 
/ 
• 
1.3.1 Thezao4yn•wic aspect• of Corro•ion 
The starting point for the thermodynamic considerations is the 
Nernst equation: 
f• I 
for the reaction lL + mM-+ pP + qQ. E is the cell emf, E0 is the 
-
standard oxidation potential, A's are activities, R is the gas 
constant, Tis the absolute temperature, n is the number of 
chemical equivalents, Fis the Faraday constant, and l,m,p,q are 
moles of species L,M,P,Q. The change in free energy for the 
reaction is G = -nFE. If Eis positive then G is negative and 
the reaction can proceed. If Eis negative the reaction will not 
proceed. 
The values of E0 are found in tables tabulated by measuring 
t~e ~mf's produced in two standard half cells. Elements with 
I 
{ 
I 
I 
large positive values are very active and are anodic.to those 
elements with lesser values. The higher value will have a greater 
ten~ency to corrode. A partial listing of these values can be 
found in appendix B table 1. Table 2 in the same appendix is a 
listing of terminology and their definitions as used throughout 
this report. 
A complete corrosion cell is made up of an anode, a cathode, 
an electrolyte and an external circuit. The electolyte serves as 
an internal ion path while the circuit acts as the electron path. 
Though these complete cells are often drawn similar to figure 1.2: 
8 
t 
• 
• 
cathode anode 
electrolyte 
fig. 1.2 Copper/Zinc Corrosion Cell 
the cells can be microscopic in size and this model is 
transferable to IC's and circuit boards. There are three major 
types of corrosion cells which are of interest to the electronics 
manufacturer. These are the galvanic cell, the concentration cell 
and the impressed voltage cell. 
The galvanic cell requires that two different materials, 
usually metals, be present in the form of electrodes to create a 
cell emf difference. The copper/zinc corrosion cell shown above 
is an example of this. The E0 of the zinc oxidation reaction is 
0.763 volts while reduction occurs at the copper cathode with an 
Eo of 0.337 volts. Th lt k' t th N t t· e resu , wor ing au e erns equa ion 
assuming the ionic concentrations are equal to 1, is a cell emf of 
1.1 volts. The end result is corrosion of the zinc by the 
reaction Zn-+. Zn+++ 2e- and copper deposition at the cathode by 
th t . ++ -e reac ion Cu + 2e -+, Cu. 
The second type of corrosion cell is the concentration cell. 
This type of cell assumes that identical metals are used for both 
the anode and the cathode. However, the Nernst equation indicates 
that if one of the electrodes is in contact with a more 
concentrated electrolyte than the other then an emf is created. 
9 
! 
,J 
. 
The result is that the metal in contact with the lower ionic 
concentration is anodic to the other electrode and will dissolve 
' 3 (corrode) preferentially. 
The third type of cell is the applied voltage corrosion cell. 
This cell has two identical electrodes which are in ·contact with a 
single electrolytic solution. When an external voltage is 
impressed upon the circuit, a potential difference is created 
• 
between the two electrodes causing one to become anodic to the 
other and corrode. This is important in electronics, especially 
integrated circuits, where potential differences between 
metallized leads occur as a result of operating bias. If an 
electrolyte exists between metallization of opposite polarity then 
. ·11 4 corrosion w1 occur. { 
' _ _,_, ·'"' 
1.3.2 Kinetic Aspects of Corrosion 
The thermodynamic considerations mentioned above are only a 
portion of the factors considered when determining how quickly a 
corrosive reaction, ie reaction kinetics, occurs. The other two 
major considerations are the metallurgical conditions and the 
environment. Metallurgical considerations include: alloy 
content, impurities, grain size, dislocation density, and internal 
and external morphology. The environmental considerations 
include: temperature, relative humidity, ionic contamination, and 
,, 5 
applied operating voltages. 
·, 
Two other variables that greatly affect the kinetics of a 
corrosive reaction are the polarization and passivity of the 
10 
/ 
elements involved. A passive metal is one which is active in the 
emf series but is slow to corrode. An example of this is 
aluminum, the metal most often used in IC's. Aluminum has an E0 
of 1.66 volts which is much more active than either iron or zinc, 
yet aluminum corrodes much more slowly due to passivation. In 
this case, the passivation takes the form of a thin native oxide 
which forms rapidly. This oxide resists corrosion and will do so 
. 
effectively until it is chipped off or another element reacts with 
it. 
Polarization occurs when the electrode potential changes from 
its equilibrium value due to a current flow in the circuit. This 
change in potential can be effected by a localized change in the 
ionic concentration around either of the two electrodes or by slow 
reaction time of an electrode. Polarization is an important 
concept in the electronics industries because !C's and circuits 
operate under bias conditions. 
1.3.3 Corrosion Cells in Electronics 
With a basic understanding of the mechanisms of corrosion and 
corrosion cells, it is now possible to examine situations where a 
corrosion cell might be -created in electronics. The most obvious 
example is the creation of a galvanic cell, which occurs when a 
gold wire is bonded to an aluminum pad. This junction of two 
dissimilar metals causes an electric potential to develop. 
Evaluating the Nernst equation and assuming that the ionic 
concentration of Al 3+ and Au3+ are equal, the electric potential 
11 
) 
I 
• 
/ 
" 
will be 3.16 volts. This circuit is then ready to produce a 
corrosion cell when and if an electrolyte is introduced. The 
electrolyte in most instances will be absorbed water and 
contaminants. With the completion of this cell the aluminum pad 
will be the starting po~nt for a corrosion path which will 
continue to spread along the lines . 
A corrosion cell may form when there are pinholes in the 
polymeric protective insulator layer. These pinholes expose the 
underlying metal and allow it to serve as an electrode. The role 
of the other electrode is usually fulfilled by a bonding pad or a 
larger area of exposed metal with the opposite polarity. Anodic 
and cathodic currents must be equal, however due to the small size 
of the area exposed by the pinhole, the current density is 
significantly higher at the pinhole. This high current density is 
sufficient to increase the pH in the region forming a localized 
concentration corrosion cell ideal for the dissolution of aluminum 
6 
metal. This small area corrosion often causes rapid and 
catastropic corrosion. 
Much of the above discussion has centered on aluminum due to 
'- .. ) 
its susceptibility to corrosion. Yet gold, the noblest o~ metals, 
is not free from the danger of corrosion. In most cases the 
failure mechanism for gold metallization systems is dendritic 
growth at the cathode that creates a short. Looking at the total 
picture, the anodic reaction must be present to provide the gold 
ions that deposit at the cathode. Later discussion will show how 
the presence of certain contaminants determines whether the anodic 
12 
·, 
reaction produces ions capable of reacting with the cathode to 
cause dendrites. 
Still another example of gold's role in corrosion cells is 
seen on gold plated Kovar package leads. Pinholes present in the 
gold plating create an electric potential of about 2 volts. If 
moisture is present the iron based Kovar beneath the gold will 
begin to corrode at the pinhoJes. Once again, the current density I 
at these holes is very high and the corrosion occurs quickly. The 
solution to this particular problem was to place an additional 
coating of zinc on the leads. The zinc then corroded 
preferentially to the iron and the leads lasted significantly 
7 longer. 
Thus it is clearly shown that situations exist in electronics 
where corrosion cells can be created if an electrolyte is present. 
Research has shown that in 90% of the cases the electrolyte is 
water with contaminants absorbed into the package or onto the 
board. Up to this point there has been much work done on 
-----, 
producing protective coatings that would shield the circuit from 
moisture penetration, however; results have not been totally 
successful. In many cases, the packaging materials which are used 
are plastics which allow significant moisture penetration and 
contribute to the corrosion with leachable impurities. In other 
cases, where the package is virtually impenetrable, differences in 
coefficients of expansion between the package and the leads 
produce cracks near the lead frames that act as conduits for 
moisture. The bottom line is that if electronics are going to be' 
13 , 
/ 
used in a humid environment it is nearly impossible to prevent 
moisture penetration. However, the saving grace for electronics 
is this: corrosion of materials in pure water occurs very slowly. 
The real danger for electronics is the contaminants that combine 
with the water increasing the rate and degree of corrosion. 
1.3.4 Review of Contaminants 
Some of the contaminants come from the manufacturing 
processes. In IC production many harmful contaminants are used in 
wafer production and lithography. If the residuals from these 
processes are not completely removed they may be present on the 
finished chip and become mobile if moisture penetrates the chip 
package. Even after the chip has been produced without 
impµrities, dangers still exist. When populating a circuit board, 
solders are used that may have harmful contaminants. Cleaners and 
conformal coatings also can contain damaging contaminants. 
Finally, fluxes, the focus of this report, contain impurities 
which are harmful to the electronics. The questions that remain 
are: 1) What are these contaminants? 2) Are they present in the 
final residue? and 3) Are they present in significant levels so 
that a cleaning step must be used? 
The answer to the first question has been a subject of much 
research. The following few paragraphs contain a synopsis of 
relevent information. 
First it should be noted that the impurities that are 
important for corrosion are those that are on the surface and are 
14 
mobile in the presence of absorbed water. If an impurity is not 
<,' 
mobile then it will not migrate to the cathode or anode to effect 
corrosion. Therefore, when the existance of an impurity is 
verified it is often necessary to determine that the impurity does 
in fact become mobile in the presence of moisture. A simple test 
of this is to rinse the substrate in water and analyze the runoff 
for trace~ of impurities. 8 ·a 
There has been extensive amounts of research done on the 
effect of chlorine on electronics because it is the most common 
and one of the most dangerous of all impurities. Chlorine is 
present in many service environments as well as a variety of slice 
and device processing steps. As was mentioned before, the native 
oxide of aluminum acts as a very effective passivation layer 
against a wide variety of impurities. Chlorine is one of the few 
impurities which can effectively attack this layer. There are two 
schools of thought about the reactivity of chlorine. The first 
school of thought is that the chlorine only attacks the aluminum 
where defects occur in the passivating layer. The second school 
of thought, which is supported by the majority of research and 
will be the focus of this report, contends that the chlorine 
attacks and destroys the passivation layer. 
It is assumed that in the presence of an electric potential 
the chlorine ions migrate to the anode and cause anodic corrosion. 
The proposed corrosion mechanism according to Foroulis and 
Thubrikar9 is that the ions are absorbed onto the surface of the 
aluminum oxide, Al(OH) 3 , which is then dissolved by the following 
1 
15 
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reaction. · 
Al(OH) 3 +Cl- ..... Al(OH) 2Cl + OH-
With the surface oxide dissolved, the underlying aluminum is 
attacked. 
- -The Al(Cl) 4 then reacts with the available water to liberate Cl 
according to 
2A1Cl-4 + 6H20 ..... 2Al(OH) 3 + 6H+ + 8Cl-
By this process a small amount of chlorine can be recycled to 
cause a large amount of corrosion. 
The physical morphology of the corroded circuits seems to 
support the above hypothesis.· The surface is pitted at disordered 
intervals. The suggestion is that the chlorine ions attack the 
passivation layer at the point where it is the weakest. The 
subsequent recycling of the chlorine ions in the area of attack 
produces a high concentration of ions causing continued attack. 
Pinholes form, exposing small areas of the aluminum which are 
susceptable to attack. This forms the pitted surface and is 
especially dangerous in devices with narrowly defined line widths. 
Figures 1.3 and 1.4 show the drastic effect of chlorine 
concentration on aluminum metallization. Figure 1.310 shows the 
effect of chlorine concentration in an encapsulated chip. The 
limited amount of moisture that permeates the package is 
sufficient to cause the chlorine to be mobile. Notice that at a 
concentration of 100 ppm the mean time to failure is less than 100 
hours. 
16 
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Figure 1.4, on the following page, shows the effect of increasing 
amounts of chlorine on aluminum corrosion. Note that above 10 ppm 
chlorine rapidly etches about 60% of the alumimum in a very short 
time. This etching is in the form of pitting and is extremely 
dangerous. 11 In one particularly clear experiment, Iannuzzi 
studied the corrosion of alum.inum by chlorine gas. 12 She found 
that corrosion started at the Au-Al interconnect where a galvanic 
cell was set up. The reaction then became self perpetuating due 
to the creation of chlorine ions at the gold electrode. This 
combination caused the corrosion to start at the interconnect and 
proceed down the aluminum line till failure. 
, Another extremely dangerous halide is fluorine. Suprisingly 
enough, very little work has been done on fluorine. One possible 
reason for this is ~hat flv.orine content is n(?t set by military 
specifications and has just recently come under fire due to its 
inclusion in some cleaning solvents and processing steps. Much of 
the info~mation available here is the work of Dr. M. L. White13 of 
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Figure -i•S. Effect of Chloride Concentration on Aluminum Corrosion in Universal Buffer . 
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Lehigh University. He has done extensive studies of the effect of 
halide metals on aluminum metalization. Figure 1.5 represents 
represents a summation of this data. The general trend is that 
the corrosivity of a halide metal increases as its ionic radii 
decreases. Note that the fluorine in this experiment is 
introduced at one one-hundredth the concentration of the chlorine 
yet has a steeper slope, indicating stronger corrosivity of 
fluorine on aluminum. The physical structure of the aluminum 
surface after corrosive attack by fluorine is different than that 
of chlorine. The attack seems to be uniform across the surface 
with little to no evidence of the pitting that occurs with 
chlorine. Dr. White's findings indicate that fluorine is more 
critical than chlorine in the corrosion of aluminum. 
Refering once again to the previous figure it is evident that 
the corrosive tendencies of the remaining halide metals are small 
when compared to fluorine and chlorine. They tend to attack the 
aluminum, not in a dangerous localized action, but equally over 
all parts of the aluminum. They are not particularly dangerous, 
u 
even to sensitive circuits, in quantities less than 1000 ppm. 
However, the rate of corrosion of all the halides is proportional 
to the log of the concentration so that too much of any halide 
will cause corrosive failure. 
Another area of considerable study is the presence of 
phosphorus. Phosphorus was first recognised as a significant 
~ 
contaminate with the introduction of PSG glass as an insulative 
cap on intergrated circuits. 14 It was found that the glass tends 
20 
to attract moisture and a significant amount of phosphorus leachs 
out. The addition of water to the phosphorus creates phosphoric 
acid which in turn creates an acidic electrolyte which attacks the 
cathode by the following reactions: 15 
2Al + 6H+ ~ 2Al 3+ + 3H 2 
2AlJ+ + 6H20 ~ 2Al(OH) 3 + 6H+ 
The phosphate anion does not penetrate the aluminum oxide layer 
and the cathode corrodes by the formation of Al(OH) 3 . 
still another dangerous impurity is sodium. Aluminum is 
amphoteric, meaning that it can corrode in either a basic or 
acidic environment. Sodium causes corrosion by altering the pH of 
the electrolyte to form a basic solution. Under influence of an 
electric field, the sodium ions migrate to the cathode and undergo 
the following reactions: 16 
Na+ 
D 
+ e -~ Na and, 
~ Na+ -Na+ H2 0 + OH + H 
Thus the pH at the cathode will increase causing aluminum to 
corrode by the basic equation: 
Al+ 3(0H)- ~Al(OH) 3 + 3e- and 
0 2 + H20 + 4e- ~ 4(0H)-
Sodium is not as dangerous as the halides because it cannot 
penetrate the passivating oxide. If the oxide is intact this 
reaction proceeds very slowly. 17 
Potassium corrodes aluminum using the same scheme as sodium. 
All equations are identical with the replacement of Na by K. 
Sodium is more active than potassium, however either, in large 
21 
enough quantities, can cause corrosion failure. 
The last impurities of interest are the metallic elements 
including copper, iron, lead, and tin. Refering to the list of 
standard oxidation potentials in appendix B the reader can easily 
see that most metallic elements are cathodic to aluminum. When,, 
one of these metals is in direct contact with the aluminum a 
galvanic cell is set up with moisture as the electrolyte. 
Significant amounts of these elements can cause corrosive failure. 
Small amounts of metallic impurities increase leakage currents to 
unacceptable levels. 
In summary the following impurities are ranked as to their 
corrosivity in electronics. 
Most Corrosive 
Least Corrosive 
Fluorine 
Chlorine 
Bromine 
Phosphorus 
Sodium 
Metal ions Cu, Fe etc 
Iodine 
This ranking is for a wide range of general conditions and will 
vary according to applications and environments. 
22 
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2.0 Characterization Process 
It has been shown that the rosin based flux and the "no 
wash" flux differ significantly. The single most important 
characterization of a rosin based flux is an analysis of the 
halides used as activating agents. In no wash fluxes these 
halides should not be present. 
been established for the fluxes 
A characterization process has 
\ 
which are rosinlbased or 
synthetically activated, however, it does not hold that this same 
program can be used for no wash fluxes. Since no additional 
cleaning of the board will be done more emphasis must be placed on 
the make up of the residue itself rather than the raw flux. For 
this reason it is necessary to utilize experimental techniques 
which are capable of evaluating the residue. Below is given a 
listing of the process steps for the characterization of both the 
rosin based fluxes and the no wash fluxes. Notice the additional 
techniques used to evaluate the no wash fluxes. Complete 
explanations of the theoretical nature and actual procedures of 
these processes is contained in the following section. 
Rosin Flux Characterization Process 
1. Silver Chromate/Halide Test (Unapplied Flux) 
2. Limit Value Test (Ionic Content of Raw Flux) 
3. Copper Mirror Test (Corrosivity of Raw Flux) 
4. Ionograph (Measure Ionic Content of Residue) 
5. SIR test (Surface Insulation Resistance) 
6. Wetting Balance Test (Solderability) 
23 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
No Wash Flux Characterization Process 
Silver Chromate/Halide Test (Unapplied Flux) 
Limit Value Test 
Copper Mirror Test 
Surface Electron Microscopy and EDS on Raw Flux 
allowed to dry on Al 2o3 • Wet Chemical Analysis for F,K,Cl,Br,Ni,Fe,Na,P 
Ionograph Test 
SIR Test ~ 
Wetting Balance Test 
Physical Appearance of Residual on Al O and FR4-PWB 
Auger Analysis of Residual on FR4-PWB2 3 
Foaming Test 
Life Test 
2.1 Theoretical Explanations and Experimental Procedures 
2.1.1 Silver Chromate/Halide Test 
The first process to be examined is the silver 
chromate/halide test. This test is done on the flux in its raw 
form to determine the presence of halides in the flux. In the 
past many of the fluxes derived their activity from halides, 
however, too much halide content will cause unacceptable levels of 
corrosion on the circuit board and components. The procedure for 
this test is contained in section 2.3.33 of The Institute for 
Interconnecting and Packaging /Electronic Circuits Test Methods 
Manual, hereafter refered to as the IPC TM. This reference can be 
found in appendix C. In general the test is conducted by placing 
a small drop of raw flux on a square of paper impregnated with 
silver chromate. After a short period of time the flux is washed 
off completely using isoproponal. The charige in the color of the 
paper indicates the presence of halide materia1. 18 The merits of 
24 
1 
this test are that it is fast and inexpensive. Unfortunately, the 
results only indicated the presence of halides, not the specific 
halide or relative amounts. For no wash fluxes, which ideally 
contain only very low amounts of halides, this test is virtually 
useless. 
2.1.2 Limit Value Test 
The limit value test is also conducted on the flux in its raw 
form. With conventional fluxes it has been assumed that the 
amount of an activator can be determined by measuring the amount 
of ionic material in the flux. 19 ~ Using a meter, which is 
essentially an electrolytic cell, a count can be made as to the 
amount of ionic material in the raw flux. When divided by the 
amount of flux that is tested, the result is expressed in 
micrograms of sodium chloride. This test is unable to 
differentiate between different ionic materials and has limited 
usefulness in no wash fluxes which theoretically do not base their 
activities on ionic materials. 
2.1.3 Copper Mirror Test 
The second test done, as a backup to the silver chromate test, 
is the copper mirror test. This particular test can indicate the 
presence of excessive amounts of free halides and/or strong 
. . . ·a 20 organic or inorganic ac1 s. The test is described completely in 
IPC TM 2.3.32 which is found in Appendix c. A drop of flux and a 
drop of a standard are placed on a glass with a thin. (100 A) 
25 
copper layer. These specimens are then placed in a chamber at 
23°c and 50% humidity. After 24 hours the specimens are examined 
,to see if there is copper removal or discoloration. The flux is 
said to have failed if the copper is anywhere removed completely 
from the glass. 
Because this test can indicate the presence of strong acids 
it is applicable to no wash fluxes. The test cannot give 
information on the type of acid or halide present or how the 
materials will actually react when exposed to soldering 
temperatures. Also, discolored copper is not treated any 
differently than unaffected copper, even though it is evident th-at 
some corrosive attack has taken place. 
' 2.1.4 Surface Electron Microscopy 
Another technique that was attempted on the raw no wash flux 
was Surface Electron Microscopy (SEM). It was hoped that by 
applying the flux to alumina substrates and allowing it to dry, 
useful information could be obtained. The first procedure was to 
take micrographs of the substrates at high magnification. It was 
hoped that these micrographs could yield information on particle 
size and the amount of solid in the fluxes. Unfortunately, the 
micrographs failed to yield any usable information. 
The next process used the same alumina substrates and 
attempted to do Electron Dispersive Spectroscopy (EDS), a process 
. )' . 
which monitors the secondary electrons released from a material 
bombarded with electrons. This method evaluates the bulk 
26 
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properties of the material and has a relatively low sensititvity. 
The process proved inadequate for the thin layers of flux that 
were to be analysed. 
2.1.5 Wet Chemical Analysis 
Because EDS proved inconclusive the final technique used on 
the raw no wash flux is a wet chemical analysis. Due to the lack 
of uniformity in this new breed of fluxes it is necessary to first 
determine their chemical make-up. The chemical make-up of a raw 
flux is one of the best indicators of the residual that will 
remain after soldering. It also gives an indication of how the 
solder attacks the oxide and how it may be cleaned afterward. Due 
to the expense and time involved in doing a chemical analysis only 
certain elements, known to increase activity at the risk of 
corrosion, were analysed. These elements, listed in an earlier 
section describing corrosion kinetics and contamination elements, 
included fluorine, chlorine, bromine, potassium, iron, nickel, and 
sodium. 
The chemi.cal analysis of these fluxes was carried out by: 
ASW Environmental Consultants, Inc. 
84 7 N. Gilmor·e St. 
Allentown, PA. 18103 
The procedure used by ASW was outlined to me as follows. All 
methods used can be found in the APHA Standard Methods of Chemical 
Analysis of Water and Waste 14th edition. 
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Materials: Iron, Nickel, Sodium, Potassium 
Method: Atomic Absorption 
1. Material was received in raw flux form and the medium was 
an alcohol. The use of a flammable material in an 
atomic absorbtion machine is dangerous due to the close 
proximity of flame so the medium had to be changed. 
a. Make the flux alkaline and eva·porate to dry form. 
b. Add water to bring the solution up to standards. 
2. Using atomic absorption evaluate chemidal levels. 
a. Asparate solution through a thin flame. 
b. Molecules are excited, when they drop down to their 
original levels, they emit light. 
c. Evaluate light wavelength 
Materials: Chloride and Bromide 
Method: Mohr Argentometric method 
1. Titrate solution with mercuric nitrate 
2. Addition of diphenyl carbazone indicator. 
3. Examine color change. 
Materials: Fluoride 
Method: Selective Ion Probe 
1. Meter used was the Orion 901 
2. Excite sample 
3. Evaluate ion output. 
2.1.6 Temperature Profile Simulation and Sample Preparation 
The remaining experiments involve samples that have been run 
through a temperature profile. In an earlier section of this 
report there is a figure showing the foam fluxer, preheat zone and 
solder bath. The preheat zone of this apparatus is necessary for 
two major reasons. The first reason is to assure that the board 
and components do not experience thermal shock. The second reason 
is to raise the activity of the flux on the boards so that a.11 
oxides are completely removed before reaching the solder bath. 
There is some concern as to the action of the solder bath. Some 
28 
flux manufacturers claim that the abtion of the solder hitting the 
board will remove much of the flux residue while others claim that 
the solder will not effect their residue. To arrive at a worst 
case it was assumed that the solder did not affect the residue. 
To show this effect in the laboratory an infrared furnace was 
set up that closely approximated the temperature profile listed 
below. 
IR Furnace 
Furnace Temp 
Topside Temp 
Zone 1 Zone 2 Zone 3 
Fig. 2.1 Temperature Profile 
Zone 4 
All samples were placed simultaneously on a conveyor belt 
which in turn passed through the four zones of the infrared 
furnace. The speed was approximately four feet per minute. The 
two types of samples that were used were alumina and FR4-PWB's 
provided 1by Kester Solder Company. The PWB's are FR-4 laminate 
with 12.5 mil lines and 12.5 mil spaces. The metallization is 
bare copper. Each of these substrates can be seen in the results 
section under physical characteristics. 
·2.1.7 Ionograph Test 
Using the FR4-~WB's or a standard board produced by the above 
process, the next common step is to_ run ionograph tests to measure 
the ionic content of the residue. The apparatus for this 
experiment consists of a container, a pump and an electrolytic 
29 
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cell capable of counting ions of NaCl. The container is filled 
with a mixture o~O% alcohol (isoproponal) and 50% deionized 
water. 21 The pump begins to move the mixture through the cell 
providing a base reading of micrograms of NaCl per square inch. 
' 
0 
After the baseline is established the finished board is placed. 
into the container. The mixture theoretically removes all the 
remaining residual from the board to be analysed by the circuit 
providing a reading of micrograms of NaCl per square inch. 
Current military specifications call for levels of less than 20 
micrograms per square inch. 
Even for use with rosin based fluxes this technique has 
received a good deal of criticism. First, the assumption that the 
50/50 mixture removes all of the residue is unfounded and is 
difficult to test. The ability to remove ionics under components 
is suspect. Secondly, by the results it is impossible to 
determine the distribution of the residue. Was it all in one 
small sect~on so that it would cause failure in the field or was 
it uniformly spread? Unfortunately for the user of no wash fluxes 
the ionograph is unable to detect the presence of organic acids 
-
which are the major constituents of no wash fluxes. Many of these 
organic acids can be harmful to the life of the electronics. 
Because of the myriad of drawback-s and in the interest of time and 
money, the ionograph tests were not conducted in this study, but 
instead were replaced with the Surface Insulation Resistance test. 
30 
2.1.s Surface Insulation Resistance Test 
Many researchers feel that the Surface Insulation Resistance 
test (SIR) is an effective way to determine the ionic content of 
the residue. The test specimens used are shown in the results 
section of this report. These are FR-4 epoxy boards with bare 
copper metallization. The interwoven comb pattern is fluxed and 
run through the appropriate temperature profile. Wires are then 
connected to adjacent paths and the leakage current is measured. 
Any current that evolves between these two non-touching lines must 
be conducted through the board or surface layer on the board. 
Measuring this current gives an indication of the amount of 
current conducting, ie ionic, material left in the residue. This 
test does not rely on the removal of the residue but actually 
tests the residue as is on the board. The greater the resistance, 
expressed in ohms-cm, the lower the ionic content of the residue. 
2.1.9 Wetting Balance Test 
The next test that is usually carried out while evaluating a 
rosin flux is a wetting balance test which measures the 
solderability. The test specimens used are copper tabs which 
measure 1-1/4 inches square and are 0.022 inches thick. These 
tabs are cleaned in alcohol before testing. To prepare the tabs 
they are coated with flux. A schematic of the tester, figure 2.2, 
is shown on the following page. A tab is attached to the 
mechanical arm which is capable of measuring the force and time 
31 
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Fig. 2.2 Schematic of Solderability Tester 
• 
•• 
• =-1 
Fig. 2.3 Solder Bath Surface 
Fig. 2.4 Wetting Force vs. Time 
' 
nME-
'. 
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required to wet the copper tab. Figures 2.3 is an illustration of 
the surface of the solder bath throughout the test. The dipped 
specimen initially depresses the solder as it resists wetting. 
Until the tab is wet a force is exerted upward on the tab equal to 
the amount of solder displaced. After wetting occurs and the bath 
returns to level, wetting continues in the form of wicking, where 
the solder tends to migrate up the tab above the flat solder 
level. At the completion of this stage, a force is exerted 
downward on the tab equal to the weight of wicking solder. 
Figure 2.4 is the wetting force during time graph produced. 
The first important parameter is T1 which is the time it takes for 
the initial wetting to occur and the solder level to return to 
flat. The second parameter is T2 which measures the time from the 
initial immersion to the point where wicking occurs. %Wis the 
percent of wetting that occurs. Good solderability is indicated 
when both T1 and T2 are small. A more complete expanation of the 
machine and the technique is available in appendix C. This test 
has become the standard for determining solderability independent 
of the type of flux being tested. 
2.1.10 Physical Appearance 
Another analytical tool often overlooked are the eyes. 
Physical appearance can often produce usable information. In the 
case of flux residues this information includes, uniformity, 
color, hardness, thickness and resistance to alcohol and water 
degradation. This information can give the researcher clues to 
\ 
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how well the conformal coating may apply, or how well the residual 
may be removed. 
2.1.11 Auger Spectroscopy 
The most innovative test introduced in this program is the 
use of auger analysis to examine the make-up of the residual. In 
many cases harmful impurities are present in the raw flux but the 
real concern is· if these same impurities are present in the 
residue. Coupling the wet chemical analysis with the Auger 
' 
analysis makes it possible to determine that dangerous impurities 
in the raw flux usually produce dangerous impurities in the 
residue. Surface analysis by X-ray photoelectron spectroscopy 
(XPS), is more commoniy known as electron spectroscopy for 
chemical analysis (ESCA). This technique involves irradiating a 
solid in vacuum with x-rays of a single wavelength. These soft 
x-rays in turn cause the solid to emit electrons which can be 
22 sorted by energy. The spectrum obtained is a plot of the number 
of electrons emitted per energy level versus their kinetic energy. 
Each element has a unique spectrum. Many of these elemental 
~ 
spectrum superimpose to form the more complex spectrum matching 
the surface of the solid. Careful examination of the surface 
spectrum reveals the more basic elemental spectrum from which it 
is made. 
The mean free paths of the electrons emitted is very small. 
Therefore, the electrons which are detected originate from only 
the first few atomic layers, which corresponds to a depth of about 
34 
10 micrometers. This ability to only sample the outermost layers 
of the solid without causing a great amount of damage makes ESCA 
an ideal tool for surface analysis. Ideally, the use of the Auger 
equipment is intended to give the chemical footprint of the 
residue while it is still on the circuit board. 
The first step in this experim~nt was to obtain test vehicles 
" ·, 
,.... . / 
that closly resembled the actual material·s us.ed in production. It 
was originally hoped that the eiperiment could be conducted using 
clean alumina substrates so that the least amount of impurities 
would be introduced. Unfortunately, the alumina, cleaned and 
coated with the fluxes proved to be a highly insulating surface. 
As a result the surface charged and emitted electrons at 
unexpected times severly distorting the resulting spectrum. To 
l 
alleviate this problem, the fluxes were redeposited on the printed 
circuit boards provided by Kester. These boards are FR-4 with 
copper metallization. There is no evidence of a protective 
coating or a solder mask. In retrospect these boards are much 
more representative of actual conditions. 
The flux was deposited using an eyedropper and was then put 
through a temperature profile similar to what would be seen in a 
typical solder wave process. After drying, a sample was cut from 
the board for analysis. Since previous experiments showed that 
differing spectrum were obtained when a specimen had two different 
surface conditions such as metal in parallel with epoxy, it was 
necessary to make certain that the specimen was either entirely 
coated with metal or had no metallization. To alleviate charging 
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concerns all'samples were cut in an area of dense metallization 
and this metallization was grounded. 
The samples were then put in the vacuum of the Physics Auger 
equipment and allowed to pump down to suitable vacuum and the test 
"I,. 
were run according to the information noted on the individual 
spectrums. The excitation was created by MgK which produces a 
wavelength energy 1453.6 eV. The pass energy was set at 100 ev in 
all cases. RC is the time constant and sens is the sensitivity. 
Greater sensitivity is needed to define some of the peaks which 
~-
otherwise would have been lost in the noise. 
2.1.12 Foaming Characteristics 
One important aspect of a flux that is often overlooked is 
' 
how well it applies to the surface of the board. The most common 
way for a flux to be applied is in a foam form. This foaming 
process has been described in an earlier section of this report. 
To determine how well the flux foams it was necessary to create a 
clear flux machine which allowed viewing of the foaming process. 
This flux machine was created out of plexiglass and for 
experimental purposes, dry air was blown in to cause the flux to 
0 
foam. The pressure was reglulated to obtain the most favorable 
conditions and photographs were taken. Examination of these 
photos provides general information on the bubble size and foam 
uniformity. 
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2.1.13 Life Test. 
Before any positive determination as to the acceptability of 
a flux can be made it must be subjected to life testing. Life 
testing involves taking the actual board produced by the 
manufacturer, populating it using the actual components and 
soldering method to be tested, powering it up and placing it in a 
combination of humidity and temperature that simulates the life of 
the product. For Ford Motor Company the life test includes 2000 
hours of 85/85 humidity testing as well as thermal cycle testing. 
Upon examination the product should show no dendrites, corrosion 
or surface insulation resistance problems. The life test should 
test all functioning circuits to ascertain that no failures occur 
in the product. Without life test no decision can be made about 
the feasibility of any given flux. 
-~ 
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3.0 Description of Materials 
The following section lists and describes the no-wash fluxes 
used in this project. 
3.1 Material Listing 
1. Alpha 38-3x 
2. 'Higrade 2002-x 
3. Higrade 3565 
4. Kester 920 CXF 
5. Kester 922 CXF 
6. Lonco RF-710 
7. Lonco SL-20 
8. Multicore X32 
3.2 Material Desciption 
All of the materials tested have an isopropyl alcohol content 
between 80 and 96%. Due to this they all present a certain amount 
of fire danger and should be handled with care. In addition they 
present health and irritation dangers especially to the throat, 
nose and eyes. Ventilation must be carefully monitored. 
In addition to isopropyl alcohol the following fluxes 
contain: 
1. Alpha 38-3X -- No other ingredients listed 
2. Higrade 2002-X -- Activators 
3. Higrade 3565 -- No other ingredients listed 
4. Kester 920 & 922 -- Resin acrylate and carboxylic acids 
5. Lonee RF-710 -- No other ingredients listed 
6. Lonco SL-20 -- Ethylene glycol and dihydroxyethane vapor 
7. Multicore X32 -- Ethanediol 
38 
All of these fluxes are considered no wash fluxes except the 
Lonee RF 710 which is a rosin flux used for comparison purposes. 
The Lonee SL-20 is a super low solids flux. All of these fluxes 
are designed to be applied in foam form. 
39 
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. 4.0 Results 
The following section contains the summation of all the 
I 
results obtained during the duration of this project. It should 
be noted that while many of the experiments were performed at 
Lehigh University, others were carried out by commercial firms; 
most notably Kester Solder Company and ASW Environmental 
Consultants, Inc. The experiments performed by Kester were the 
standard tests requiring apparatus and experience not available at 
Lehigh. The results are grouped according to experiment. 
( 
4.1 Silver Chromate Test 
The silver chormate test can indicate the presence of a 
substantial amount of halide material. This test was carried out 
by the Kester Company under the guidance of Steven Santangelo. 
All tests were carried out following the guidelines put forth in 
IPC TM section 2.3.33. The results are given as either pass or 
fail. The test is carried out for only 15 seconds after which 
time the silver chromate paper is flushed with isoproponal. "A 
change to off-white or yellow-white indicates the presence of 
chlorides or bromides1123 and is evidence that the flux does not 
pass. Using this as a guideline, the results are given on the 
following page. 
Note that the Alpha 884 SA is not a no wash flux but is a 
superactivated rosin flux. This is the most active type of flux 
and contains a significant amount of activators. This is included 
in the experiments to provide a point of reference for comparison 
40 
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purposes. 
Unfortunately, Kester was not in possesion of any Higrade 
products at the time of testing. 
No Wash Flux Evaluation 
Silver Chromate Test 
Flux Sample 
Alpha SM 38-3x 
Alpha SM 32-DX 
Alpha 884 SA 
Higrade 3565 
Higrade 2002-X 
Kester 920-CXF 
Kester 922-CXF 
Lonee RF-710 
Lonee SL20 
Multicore X32 
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Results 
Passed 
Passed 
Failed 
Not Tested 
Not Tested 
Passed 
Passed 
Passed 
Passed 
Passed 
-~. 
\ 
4.2 Limit Value Test 
The limit value of a flux is a measurement of the ionic 
content of the flux prior to soldering. The results given below 
are ~n grams of sodium chloride per liter of flux. Once again 
"fl 
' these results are courtesy of Kester Solder Company. 
No Wash Flux Evaluation 
Limit Value 
Flux Type 
Alpha SM 38-3X 
Alpha SM 32-DX 
Alpha 884 SA 
Higrade 3565 
Higrade 2002-x 
Limit Value (grams/liter) 
1.0 
Kester 920-CXF 
Kester 922-CXF 
Lonco RF-710 
Lonco SL-20 
Multicore X32 
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1.4 
49.5 
Not Tested 
Not Tested 
1.6 
1.4 
2.9 
2.8 
1.4 
r 
l 
1 ' 4.3 Copper Mirror Test 
The copper mirror test examines the effects of the flux on a 
bright copper surface. A thin film of copper is deposited onto a 
glass slide and a drop of flux is placed on it. Failure is 
defined as the complete removal of copper as evidenced by the 
ability to see a background through the glass slide. Failure can 
be caused by free halides, strong organic or inorganic acids and 
f . 24 ree amines. This test was carried out by Kester Solder 
Company. 
No Wash Flux Evaluation 
Copper Mirror Test 
Flux Type 
Alpha SM 38-3X 
Alpha SM 32-DX 
Alpha 884 SA 
Higrade 2002-x 
Higrade 3565 
Kester 920-CXF 
Kester 922-CXF 
Lonco RF-710 
Lonco SL-20 
Multicore X32 
43 
Result 
Passed 
Passed 
Failed 
Not Tested 
Not Tested 
Passed 
Passed 
Passed 
Failed 
Failed 
i."! 
-~ 
f ,-, ~-- ... _J, 
-,'f.,,"\ 
/ 
4.4 Chemical Analysis 
In the evaluation of regular rosin based fluxes a chemical 
analysis of the flux in its raw form is usually not done. The 
expense of such a test is not merited because most rosin based 
fluxes- .. contain known activators that become evident while doing 
.,"- \1 
'·. ~ 
•• .... ·!1 
t-. 
• t .,_ .. _.. • 
routin~· testing. However, the lack of knowledge a.bout the 
., 
I 
.. .-· 
constituents in no wash fluxes make this test feasible and 
helpful. The analysis of the flux is limited to those materials 
that are considered harmful to the assemblies. Specifically, the 
fluxes were checked for the presence of bromide, chloride, 
potassium, sodium, fluoride, nickel and iron. The following page 
contains a listing of the data for all of the fluxes tested. Note 
that mg/L translates directly into parts per million (ppm). 
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Element Bromide 
... 
mg/L ,. 
Flux 
Alpha <0.2 
SM38-3X 
Higrade <1.0 
2002-X 
Higrade <1 
3565 
Kester <0.1 
920CXF 
Kester 4.0 
922CXF 
Lonee <0.2 
RF 710F 
Lonee <0.2 
SL 20 
Multicore <0.2 
X32F 
No Wash Flux Evaluation 
Wet Chemical Analysis 
Chloride Potassium Sodium 
mg/L mg/L mg/L 
1.0 0.27 1.54 
140 0.05 2.75 
140 0.16 1.35 
<0.5 0.27 0.26 
0.4 0.16 1.16 
1.5 0.27 1.42 
<0.2 6.07 1.17 
<0.2 0.72 0.57 
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Fluoride Nickel Iron 
mg/L mg/L mg/L 
0.07 0.48 3.38 
0.02 0.03 0.10 
0.01 0.02 0.66 
1.3 " 0.11 0.08 
1.09 0.09 <0.01 
0.03 0.14 0.54 
0.42 0.03 0.61 
0.04 0.06 <0.01 
•·' 
/ 
"'\ 
~ 
4.5 Surface Insulation Resistance Test 
Considered one of the most reliable procedures for 
determining the amount of ionics in a residue, SIR is getting 
, 
widespread acclaim. Using specially designed boards, temperature 
chambers, humidity chambers and test equipment it was necessary 
for Kester to perform this experiment. The data on the following 
pages was taken on samples that were uncoated and other samples 
that were conformally coated with Dow Corning 2620 as noted. The 
first two pages of data tabulate the information while the final 
eight pages are resistance versus time graphs comparing various 
fluxes. 
/ 
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Day 1 
'.f 
BLANK 
Alpha SM 38-3X 
Loneo RF 710 
Alpha SM 32-DX 
Loneo SL 20 
Kester 920 CXF 
Alpha 884 SA 
Kester 922 CXF 
Multieore X32 
,· 
No Wash Flux Evaluation 
Surface Insulation Resistance Testing 
Un-coated Patterns 
Day 4 Day 7 
Lonco RF 710 
Alpha SM 32-DX 
2.7x109 BLANK 2.5x109 BLANK 
2.0xl09 Alpha SM 38-3X 2.5x109 Alpha SM 38-3X 
1.9x109 Lonee SL 20 1.7x109 Alpha 884 SA 
/ 
1.6xl09 Alpha 884 SA 1.6x109 Multicere X32 
1.0x109 Lonee RF 710 1.5x109 Kester 920 CXF 
9.9x108 Kester 920 CXF 1.5x109 Lonco SL 20 
9.8xl08 Alpha SM 32-DX 1.4x109 Kester 922 CXF 
2.6xl08 Multieore X32 1.3x109 
2.4x108 Kester 922 CXF 9.8xl08 
*The Alpha 884 SA has been cleaned. 
' I. 
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2.0x109 
1.8x109 
' 
1.7x109 
1.5x109 
1.3xl09 
1.3x109 
1.2x109 
1.2x109 
9.lx108 
./\ 
Alpha SM 38-3X 
BLANK 
Loneo SL 20 
Kester 920 CXF 
Lonee RF 710 
Alpha 884 SA 
Alpha SM 32-DX 
Kester 922 CXF 
Multieore X32F 
No-Wash Flux Evalution 
Surface Insulation Resistance Testing 
Conformally Coated Patterns 
Day 4 Day 7 
!\ 
Alpha SM 38-3X 
Lonee SL 20 
Alpha SM 38-3X 3.2xl09 Kester 920 CXF 
3.8x109 Kester 920 CXF 2.6xl09 Lonee RF 710 
2.5Xl09 BLANK 2.5Xl09 BLANK 
1.8x109 Lonee RF 710 2.5xl09 Alpha SM 32-DX 
1.5x109 Lonee SL 20 2.5x109 Alpha 884 SA 
1.5xl09 Alpha SM 32-DX 2.0xl09 Kester 922 CXF 
9.8xl08 Alpha 884 SA l.8xl09 Multieore X32F 
8.6x108 Kester 922 CXF 1.5xl09 
,. 
5.0x108 Multicore X32F l.lxl09 
1.5xl08 
' . 48 
2.5x109 
2.lx109 
l.8x109 
1.8x109 
1.5X109 
1.5x109 
1.4x109 
1. 3xl09 
9.8xl08 
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4.6 Wetting Balance Test 
A complete discussion of the wetting balance test has been 
given in the procedure section of this report. Due to the nature 
of the experiment and sensitivity of the measurements this 
experiment was conducted by Kester Solder Company and Higrade 
products were not available for testing. The wetting balance used ll~ 
is a Kester Model KS-100. The copper coupons measured 1-1/4" 
square and .022 11 in thickness. They were cleaned in alcohol prior 
to testing. Set-up parameters were as follows: 
,. 
.. 
Product 
Alpha SM 38-3X 
Kester 920 CXF 
Kester 922 CXF 
Lonee RF 710 
Lonco SL 20 
Multicore X32F 
Immersion time: 
Immersion depth: 
Immersion rate: 
Sensitivity: 
7-seconds 
4 mm 
25 mm/sec 
5.0 grams 
No Wash Flux Evaluation 
Wetting Balance Testing 
Solderability 
.Tl 
-
2.42 
1.91 
1.52 
2.59 
1.47 
1.97 
57 
4.56 
2.82 
2.11 
4.18 
2.03 
2.95 
%W 
21.3 
42.4 
41.3 
36.3 
42.7 
43.8 
' 
\ 
4.7 Visual Appearance 
Visual appearance is very important in no wash fluxes where 
the residue will be the outer covering of the board and will 
effect the conformal coating and the testing properties. The 
physical appearance is checked by using FR-4 PWB's and alumina 
substrates. Photographs of these samples are given on the 
following pages. The color, consisitency, uniformity, thickness, 
hardness and effect of possible removal methods are noted and 
recorded. For comparison purposes the fluxed samples are shown 
,adjacent to clean samples of the same type . 
• 
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No Wash Flux Evaluation 
Visual Appearance 
Higrade 2002-x 
Color - The residue is black and opaque. 
Consistency - The result is tacky to the touch. It is not dry. 
Uniformity - The coating is blotchy, with varying thickness at all 
points. 
Thickness - The thickness is variable due to tacky nature of 
residue. 
Hardness - The residue is almost in liquid form, fingerprints are 
apparent after handling. 
Removal - Removal is possible with dry or wet rag. 
59 
No Wash Flux Evaluation 
Visual Appearance 
Higrade 3565 
Color - Tannish clear allowing easy viewing of the board 
underneath. 
Consistency - The residue is hard and smooth to the touch. 
Uniformity - The color and consistency remain uniform over the 
entire sample. 
Thickness - The residue is very thinly spread over most of the 
sample and results are best when the coating is thin. 
Hardness - The residue is very hard to the touch and resists 
scratching with knife. 
Removal - Neither water nor scraping remove residue. 
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No Wash Flux Evaluation 
Visual Appearance 
Color - The base color is a transparent tan which turns darker as 
the thickness of the coating is increased. 
Consistency - In areas of thicker coverage the residue forms pools 
. 
of tacky material while thinner coatings provide hard dry 
coatings. 
Uniformity - Thin coats create uniformity while thick coats cause 
pooling. 
Thickness - Thin coats provide the best results. 
Hardness - The top layer of thick coatings can be wiped off with a 
rag while thin coats resist scratching. 
Removal - Thin coats resist water and scratching. 
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No wash Flux Evaluation 
Visual Appearance 
Kester 922 CXF 
Color - The residue is virtually colorless. 
,, 
Consistency - Where the residue remains it appears oily. 
Uniformity - Close proximity of smal:l dots gives impression of 
total uniform coverage. 
Thickness - The residue appears to spread thinly. 
Hardness - Thicker patches on the alumina can be scratched with a 
fingernail while thin coating on the PWB resist scratching. 
Removal - Water appeared to have no effect on thin coatings but 
removed the top layer of heavier coating. 
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No Wash Flux Evaluation 
Visual Appearance 
Lonee RF 710 
Color - Transparent tannish which resembles higrade 3565. 
Consistency - Spread thinly it forms a hard coating, while thick 
it forms an oily compound on top. 
Uniformity - Thick or thin it spreads evenly. 
Thickness - Forms a relatively thick coating. 
Hardness - Forms hard scratch-proof coating. 
Removal - Cannot be removed with damp cloth or scratching. 
63 
No Wash Flux Evaluation 
Visual Appearance 
Lonco SL 20 
Color - Dark semi-opaque blotches on metallization, not visible on 
alumina. 
Consistency - Tends to puddle in large sections, while leaving no 
residue in other sections. 
Uniformity - Incomplete coverage and variation in color. 
Thickness - The thickness is variable. 
Hardness - Residue on metallization is hard and does not scratch 
easily. When scratching does occur, white powder is produced. 
Removal - Blotches on metallization is not cleanable with water. 
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No Wash Flux Evaluation 
Visual Appearance 
Multicore X32 
Color - There is no visible residue on alumina. On the PWB,s 
there is evidence of a grey residue covering a tannish residue. 
Consistency - The grey residue has a chalky consistency, while the 
tannish coat is hard and smooth. 
Uniformity - Coatings on both the alumina and metallization are 
evenly distributed. 
Thickness - The residue forms extremely thin coverings. 
Hardness - Tannish coat under grey can not easily be scratched. 
Removal - Chalky substance can be wiped off with finger or water 
and a cloth. The tannish coat can not be removed 
65 
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4.8 Auger Analysis 
The following data was obtained using the electrons emitted 
after excitation by MgK x-rays. Each flux is listed 
individually. By counting the number of characteristic electrons 
emitted, auger analysis evaluates an element left on the board and 
compares it by percentage to the other elements left on the same 
board. Therefore, quantitative results from one sample cannot be 
compared directly to the results from a second sample. 
The elemental spectrums provided in appendix D, show that a 
single element produces more than one peak on the final spectrum. 
The two major tools used by the experimenter to determine the 
elements present are the location of the peaks and the ratio of 
the major peak of an element to its smaller peaks. l For example: 
Oxygen has a major peak at 531 eV and a peak .4 times as large at 
745 eV. If a peak is present at 531 ev but not at 745 eV the 
element oxygen is not present and the peak at 531 eV belongs to 
another element. Therefore, if the theoretical energy and ratio 
match closely there is a very high probability that the element 
described is present. For this reason, the data on the following 
pages includes the theoretical and actual peak energies and 
ratios. Also included are the original spectrum obtained and, in 
appendix D, the elemental spectrum of all elements found. 
66 
Element 
Oxygen 
Carbon 
Sodium 
No Wash Flux Evaluation 
Auger Analysis 
Clean FR-4 Board 
Band Designation Peak 
Theoretical 
ev. Ratio 
a 
0 531.6 1 
0 1s 745.3 .4 
OKVV 23 .025 2s 
els 284.6 1 
CKLL 995 NA 
NaKLL 264 1 
67 
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• Energies 
Actual 
eV Ratio 
533 1 
745 .5 
27 .025 
286 1 
990-997 
262 1 
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Auger Analysis 
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Element Band Designation ~ Peak Energies 
Theoretical Actual 
ev Ratio ev Ratio 
Oxygen 0 531.6 1 530 1 
0 1s 743 .4 742 .42 
OKVV 23 .025 25 .021 2s 
Carbon C 287 1 284 1 
els 995 993-997 KVV 
Copper Cu2p3/2 932.4 1 933 1 
Cu2 1/2 953 .43 953 .56 
Satellites P 
Sat 1 943 .67 Non Discernable 
Sat 2 962 .38 Non Discernable 
Cu (LMM) 
CuL3VV 335 1 337 1 
CuL2VV 315 .14 315 .44 
CuL3M23V 414.2 .32 416 .30 
CuL3M23M23 479-486 NA 480-Cu 
Cu3 79 1 78 1 Cup 124 .5 121 .45 3s 
Fluorine Fls 686 1 690 1 
F (KLL) 
;KL23L23 599 .43 600 .3 625 . 1 .... ~. 620 .06 KL1L23 
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No Wash Flux Evaluation 
Auger Analysis 
Multicore X32 
' ' . 
Band Designation Peak Energies 
Theoretical Actual 
ev Ratio ev. Ratio 
Oxygen 0 531 1 531 1 
0 1s ... \' 743 .4 745 .43 
OKVV 23 .025 25 .024 2s 
C 
Carbon C 287 1 287 1 
els 995 993-KVV 
Copper Cu2p3/2 933.6 1 936 1 
Cu2 1/2 954 .43 956 .43 Satellites P 
Sat. 1 943 .67 944 .55 
Sat. 2 962 .38 962 .38 
Cu(LMM) 
CuL3VV 335 .23 338 .33 
CuL2VV 315 .14 320 .16 
CuL3M23 414 .31 418 .48 
CuL3M23M23 479-486 NA 480-490 Cu 
Cu3 79 1 79 1 Cup 124 .5 122 .42 3s 
· Sodium NaKLL 263.5 1 264 1 
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Material Designation 
Higrade 3565 
Higrade 2002-X 
__.;r"-
Kester 920 CXF 
Kester 922 CXF 
Lonco RF 710 F 
Lonco SL 20F 
Multicore X32F 
, No wash Flux Evaluation 
' 
·Auger Analysis 
Summary 
Elements Found 
Sodium, Chlorine, Carbon 
Sodium, Chlorine, Phosphorus, Carbon 
Fluorine, Phosphorus, Sodium, Carbon 
Fluorine, Phosphorus, Sodium, Carbon 
Sodium, Silicon, Nitrogen 
Flourine, Carbon 
Sodium, Carbon 
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4.9 Foam Test 
The followirig pages contain photographs of the foaming 
characteristics of each flux. The foam fluxer is made of 
plexiglass. The complete description of the fluxer is available 
in appendix A. During the experiment air flow was adjusted to 
attain optimum foaming. The traditional air pressure and flow 
rate as qouted by Kester is a line pressure of 10 psi and a flow 
of 38 standard cubic feet/hour. Because the experimental fluxer 
used in this experiment is of a unique design these traditional 
values do not apply. Therefore, variable flow r~tes were achieved 
by adjusting the line piessure between the values of 8 psi and 14 
• psi. 
There was an unequal air pressure along the length of the 
aerrating tube. Assuming that the desired air pressure was 
achieved at the end closest to the air inlet, the 
fluxer on the right side of all the pictures most 
area of the 
closely 
resembles actual conditions. Though this test is only an 
approximation of actual conditions, the results which were 
obtained provide a basis for comparison of foaming 
characteristics. 
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No Wash Flux Evaluation 
.Foaming Characteristics 
Alpha SM 38-JX 
• Low Air Pressure High Air Pressure 
The Alpha flux foams poorly at low air pressures. If tends to 
form small numbers of large bubbles which break quickly. When the 
flux is filled to normal levels the foam head does not rise up the 
chimney. After increasing the flux height the foam overflows but 
the large bubbles are sporatic and uneven. When the pressure is 
increase to values bordering 13 psi the flux foams better, however 
large bubbles and a minimum foam height persist. 
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No Wash Flux Evaluation 
Foaming Ch~racteristies 
Low Air Pressure 
The photograph on the right shows this Higrade product at high air 
pressure after increasing the flux level. Under these conditions 
the foam head at the right of the fluxer is acceptable however due 
to the high pressure a certain amount of splatter and possibly an 
increasing amount of evaporation exist. The bubbles are larger 
than the better foaming materials and tend to break rapidly 
preventing production of a large foam head. The photo on the left 
is the behavior of the flux at lower pressures. The foam head is 
unacceptable, consisting of large bubbles breaking unevenly. 
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No Wash Flux Evaluation 
Foaming Characteristics 
Pressure Higher Air Pressure 
Looking at the above photographs it is evident that the Higrade 
3565 performed better than the Higrade 2002-x. The photo on the 
left is at normal air pressure. The foam height is good, however 
the bubble size is still excessive. Shown on the right is the 
flux reaction at higher air pressure. The foam height increases 
significantly, bubble size decreases, and the amount of splatter 
is not excessive. Though this is not the best foamability that is 
found amoung the fluxes it is conceivable that this product could 
be used if the process was carefully controled. 
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No Wash Flux Evaluation 
Foaming Characteristics 
Kester 920 CXF 
Normal Air Pressure 
Of all the materials tested both of the Kester products perform 
the best under these conditions. In the left photo the flux is 
tested at low pressure and normal flux level. The foam head that 
is produced is as good as or better than those created by other 
fluxes at higher pressures. At normal air pressure, at right, the 
foam bubbles are small and closely packed creating a high flux 
head. 
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No Wash Flux Evaluation 
Foaming Characteristics 
Low Air Pressure Normal/High Air Pressure 
This Kester product does not perform quite as well as the Kester 
920CXF. At low air pressures the foam bubble size is larger than 
desired. However, at higher air pressures, shown in the right 
photo, the foam height and bubbles size are excellent. 
89 
No Wash Flux Evaluation 
Foaming Characteristics 
Air Pressure 
Normal Flux Height 
Higher Air Pressure 
Increased Flux Height 
At slightly higher pressures than were used for the Kester 
products this flux produces results which are almost as good. The 
bubbles are small but the foam head is not as tall. The level of 
the flux has to be increased to compensate for the smaller head 
height. The picture at right is at high air pressure and 
compensated flux level. The picture to the left is at a slightly 
lower pressure with a normal flux level. Notice that while the 
bubbles are small they do not form a high foam head. 
90 
No Wash Flux Evaluation 
-
Foaming Characteristics 
Lonee SL 20 
. I 
Low/Normal Air Pressure Higher Air Pressure 
The Lonco SL 20 does not foam well at low air pressure, tending to 
f or1u large air bubbles which splatter at the top of the chimney. 
Even after the pressure is increased the foam bubbles still are 
too large, causing an increase in spattering. The experimenter 
continued to adjust pressure and flux level but found no better 
situation. 
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No Wash Flux Evaluation 
Foaming Characteristics · 
Multicore X32 F 
Normal Air Pressure High Air Pressure 
The Multicore is argueably the worst case of all fluxes 0 tested. 
The air bubbles that form at all pressures are unacceptably large 
and an adequate foam head cannot be achieved by any adjustment of 
flux level or air pressure. 
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No Wash Flux Evaluation 
Foaming Characteristics 
Summation of Results 
The following is a summation of results for all the fluxes. 
All are evaluated at the air pressure which produced optimum 
results. Bubble size is ranked on a scale of 1 to 10 with 1 being 
the smallest. Any bubble size above 5 is considered unacceptable. 
Flux Type Foam Height Bubble Size Foamability 
Inches 
Alpha SM 38-3X 1/2 9 poor 
' 
Higrade 2002-X 3/4 5 fair/good 
Higrade 3565 5/8 4 good 
Kester 920CXF 3/4 1 excellent 
Kester 922CXF 3/4 3 very good 
Lonee RF 710 1/3 3 good 
Lonee RF 20 1/2 6 poor/fair 
Multicore X32F 1/3 9 poor 
\ 
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4.10 Life Test 
When this report was submitted, Ford Motor Company had not 
yet completed life testing. Three of the fluxes that were tested 
using the aforementioned process were selected for life testing. 
The fluxes selected were the Alpha SM 38-JX, the Kester 922 CXF 
and the Lonee SL 20. This new characterization process eliminated 
almost 70% of the fluxes under consideration. The cost savings on 
life testing alone merits the use of this process. 
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5.0 Discussion 
The most important contribution of this work is the creation 
of a practical process for evaluating the effectiveness of no wash 
fluxes. In the paragraphs that follow the results of this 
evaluation process will be discussed and compared. Since it is 
the intention of this work to evaluate the effectiveness of no 
wash fluxes this discussion is organized by flux. 
5.1 Alpha SM 38-3X 
The results from the first three tests, the silver chromate 
\ 
~, 
\ 
test, the limit valtie test and the copper mirror test can be 
grouped together to give an indication of the halide content of 
the flux. In the case of the Alpha material, the tests show that 
there is almost no halides in the flux. Alpha passes the silver 
chromate test and the copper mirror test and has the lowest limit 
value of all the fluxes that were tested. From the standpoint of 
halides the residue of the Alpha flux will not be harmful to 
electronics. 
In most aspects the wet chemical analysis supports the 
results of the halide tests. However, the analysis is able to 
determine ppm and shows that there is approximately 1 ppm of 
chloride in the raw flux. During the introduction, it was shown 
that on unencapsulated integrated circuits 1 ppm of chloride can 
be disastrous. How much of the chloride remains in the residue, 
and if it will be harmful to properly protected electronics are 
questions that will have to be answered. The chemical analysis 
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also turned up some other interesting information. Most· 
notably, the 3.38 ppm of iron and the 1.54 ppm of sodium present 
in the flux. 
The surface insulation resistance test dispells most of the 
fears about leakage currents being caused by the excessive amount 
of iron. In both the one day and four day tests the Alpha flux 
proves superior to all other fluxes tested. The time versus 
resistance curve shows an almost constant resistance. 
All of the above tests indicate that the residue from the 
Alpha flux will not be harmful to the electronics that it may 
remain on. The next logical steps in this discussion is to look 
at the residue itself by visual appearance and auger spectroscopy. 
Unfortunately, the Alpha material was not aquired until later in 
the project when this data had already been collected. Based on 
all the data available, the Alpha residue will be acceptable to 
leave on the electronics. 
The second major area of concern is how well the solder 
applies to the surface and how well it prepares the surface for 
soldering, ie foamability and solderability. In rosin based 
fluxes, the ability to remove oxides is provided by the halides. 
Because of the extremely low halide values in this flux, either 
the manufacturer has found a substitute to keep solderability high 
or has sacrificed solderability. Unfortunately, the second option 
holds true. This flux has the worst solderability of any of the 
fluxes tested. Wetting took almost twice as long as some of the 
other fluxes and wicking does not occur. It is doubtful that this 
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flux will provide adequate solderability for even sparsely 
populated boards and solder skipping is expected. 
Foamability is another area where the Alpha SM 38-3X flux 
suffers. At normal air flows large foam bubbles form and foam 
level does not reach the top of the chimney. When the air 
pressure is increased to higher values, boardering on 13 psi, the 
foam head reaches the top of the chimney, however large bubbles 
and splattering persist. The use of this flux would require 
renovation of existing fluxing techniques. 
In summary, the Alpha SM 38-3X shows promise of having a C 
residue which will be safe to leave on circuit boards but faces 
major obstacles in the area of flux application and solderability. 
5.2 Higrade 2002-x 
The Higrade materials were not tested by the Kester Solder 
Company, therefore all discussion of these materials is based on 
the experiments carried out at Lehigh and at ASW Environmental 
Consultants. 
Chemical analysis was the only experiment performed on the 
raw flux but the information obtained is conclusive. The Higrade 
2002-X contains 140 ppm of chloride, an impurity known to be 
--
harmful in quantities of between 10 and 100 ppm. In addition it 
contains 2.75 mg/L of sodium, the highest count of all the fluxes. 
The chemical analysis indicates that the raw flux contains 
significant quantities of halides which would probably show in the 
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copper mirror, limit value and silver chromate test causing the 
flux to fail all of these tests. 
The appearance of the residue after temperature profile is 
unacceptable by even the most lenient standards. The residue does 
not solidify, appearing as a black, opaque, oily substance. This 
residue would surely create problems during handling and testing. 
Physical appearance aside, auger spectroscopy shows that the 
chlorine in the raw flux persists in the residue. Aside from the 
chlorine there are also significant amounts of sodium and 
phosphorus, both of which have been proven harmful for electronic 
assemblies. 
In addition to all of its other problems this Higrade 
material does not behave well during foaming. Even in the most 
ideal of situations the foam bubble size boarders on the 
unacceptable range and air pressure has to be increased to such a 
point that splattering occurs. 
In conclusion, Higrade 2002-X is unacceptable for any 
....... -._. 
application. The amount of harmful impurities in both the raw 
flux and the residue, the poor appearance of the residue, and its 
inability to foam suggest problems in application, testing, 
handling and long term reliability of circuits. 
5.3 ·Higrade 3565 
As was the case in the previous Higrade material, chemical 
analysis is the major tool used in evaluation of the raw flux. 
The high chloride and sodium counts persist indicating that the 
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corrosiveness of the flux will be too high for use in delicate 
; 
electronics applications. 
The physical appearance of the residue is much improved·. 
Spead thinly the flux forms a uniform, tannish clear coat which is 
hard and dry to the touch. It resists scratching and is not 
removed when the assembly is dipl)ed in water or alcohol. The / ,,., 
I 
\ 
residue is very asthetically pleasing, however the hardness of it 
suggests problems during testing and possibly conformal coating. 
Auger spectroscopy of the residue shows that significant 
amounts of chlorine still remain along with a very small amount of 
sodium. If these im~urities prove to be mobile in water they will 
corrode the electronics. 
The foamability of this Higrade product is described as good. 
With a slight increase in air pressure the bubble size falls 
within the acceptable range and the foam head rises to 5/Bth of an 
inch. 
Higrade 3565 has good physical appearance and foamability but 
is not acceptable because of the large amount of chlorine that is 
present in the residue. Life testing could show that the chlorine 
is not harmful in this amount, leaving only the problems of 
testing and conformal coating. 
5.4 Kester 920 CXF 
The Kester products were available to undergo all aspects of 
the test procedure. This product, 920 CXF, passes the silver 
:: 
chromate test and·the copper mirror test. Coupled with a value of 
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only 1.6 grams .of sodium chloride per liter in the limit value 
test this flux exceeds the qualifications that would have been 
necessary for acceptance under the guidelines originally set up 
for fluxes that are to be washed off the board. But these fluxes 
are no wash fluxes, and the Kester 920 CXF showed some serious 
~hortcomings during the chemical analysis set up specifically for 
no wash fluxes. Approximately 1.3 ppm of fluoride are found in 
the raw flux. This impurity is considered dangerous in quantities 
that exceed parts per billion. The existance of this fluoride 
raises serious doubts about the saf~ty of this flux. 
The range of surface insulation resistance values among all 
the fluxes varied from 2.4Xl08 ohms to 2.7Xl09 ohms, with the 
higher values representing the better fluxes. Generally, all the 
values in this range are considered acceptable, with one flux 
being slightly better than another. ·~Keeping this in mind the 
Kester 920 CXF consistently places fifth or sixth out of a 
possible eight. So while the Kester consistently gave acceptable 
resistance readings other fluxes fare better. 
The Auger spectroscopy supports the findings of the chemical 
analysis and reveals significant amounts of fluorine in the 
residue. Only trace amounts of sodium and phosphorus remain. 
When raw flux is applied thinly and uniformly, the residue that 
results is a thin tannish layer of semi-transparent material. It 
is hard to the touch. outside sources have conducted infrared 
reflectance and suggest that the residue is a polymer. Thicker 
areas of coverage are tacky to the touch, indicating incomplete 
' 
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polymerization. 
From an applications viewpoint this Kester product is 
arguably the best tested. The solderability, as indicated by the 
wetting balance test, is bested only by Kester 922 CXF and Lonee 
SL 20. Wetting occurs rapidly and percent wetting is above 40%. 
In addition, the foamability is excellent, functioning well at a 
low air pressure to produce an adequate foam height and the 
smallest foam bubble size of any flux tested. 
The Kester 920 CXF is one of the most promising fluxes 
tested. While it appears that the hard 
problems during testing and conformally 
residue may present 
I 
/ 
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coat ing1/-and the f 1 uor ine 
' 
may attack metallization if moisture is present, all other aspects 
of this flux are excellent and life testing is suggested. 
5.5 Kester 922 CXF 
This Kester product is the new generation of the 920 CXF, 
unfortunately it suffers many of the same downfalls as its 
predecessor. The silver chromate test and the copper mirror test 
were passed and the results of the limit value test are excellent, 
yet once again chemical analysis shows what the other tests miss. 
Even though it has been reduced by almost 0.3 ppm, there is still 
1.09 ppms of fluoride in the raw flux. In order to keep activity 
high it appears that bromide and sodium have been added. The 
result is a bromide count of 4 ppm and a sodium count of 1.16 ppm. 
Whether this combination of fluoride, bromide and a small amount 
of sodium in 922, is superior to just fluoride in 920, will have 
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to be ascertained through life testing. 
As should be expected with the addition of bromide, 922 ranks 
consistently worse than the 920 in the surface insulation 
resistance testing. In fact, in all of the tests Kester 922 ranks 
either last or next to last. Under stringent conditions, this 
could be a factor. 
.,. 
As was always the case, auger spectroscopy shows that 
impurities found in the raw flux are in evidence in the residual. 
Fluorine persists in quantities only slightly smaller than in the 
920. The bromide peak of only 4 ppm is not discernable above the 
noise using this technique. The residue is virtually colorless 
and has the same characteristics as its predecessor .. If it is 
applied lightly, full polymerization takes place creating a hard, 
dry covering. 
Solderability is excellent, with wetting occuring in 1.52 
seconds. The only material ranking above this is Lonco SL 20 
which wet in 1.47 seconds. 
At a slightly higher air pressure this product performs 
almost as well as the Kester 920. Foam height is equal, however 
foam bubble size is slightly larger. Use of this product in 
existing machinery would most likely be successful. 
If this material could pass life testing there is no reason 
why it could not be used. The only drawbacks, besides the 
questions raised by the existance of fluoride and bromide, are the 
problems faced when testing and conformal coating are attempted 
over the hard, polymerized residue. 
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5.6 Lonee RF 710 
The two materials tested from Lonee represent the two extreme 
ends of no wash fluxes. The Lonee SL 20, to be discussed in the 
next section, is more the .typical no wash flux. It is contained 
in an isopropanol medium and derives its activity from organic 
acids. It is termed SL because it has super low solids content. 
The Lonee RF 710 on the other hand is a rosin based flux 
sufficiently ''cleaned-up", ie the halide content is reduced, so 
that the residue may be left on the surface without causing 
failure. 
The testing of the RF 710 flux in the raw form shows that it 
has indeed been cleaned up. It passes the silver chromate test, 
the copper mirror test, and has a limit value of 2.9 grams of 
sodium chloride per liter. This is the highest value of any of 
the no w~sh fluxes tested but it is still in the acceptable range. 
The chemical analysis verifies that there are only small amounts 
of chloride and sodium in the raw flux. This low ion count 
continues to show in the surface insulation resistance test. 
Lonco RF 710 consistently ranks either best or secqnd best in all 
tests. 
The physical appearance is also acceptable. When the raw 
flux is applied thinly, the residue that results is a transparent, 
tannish, hard coating which evenly covers the entire assembly. It 
appears much the same as the residue of the Kester 920 CXF and the 
assumption is that a similar polymerized coating has formed. Once 
again the hardness of the residue raises questions on the 
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effectiveness of probe testing and conformal coating. 
Auger analysis confirms that the flux is indeed rosin based. 
The existance of nitrogen and silicon material differ greatly from 
the other no wash fluxes. 
The major purpose of a flux is to prepare the surface 
materials for soldering. To do this the flux must have the 
ability to remove oxides. Materials which do this can wet a 
surface rapidly. Unfortunately, Lonee RF 710 is not a material 
which exhibits good solderability. The wetting times for this 
flux are the worst of all fluxes tested, nearly twice that of the 
Kester 922 CXF. The use of this flux on medium to densely packed 
boards will result in a large percentage of unsoldered joints. 
As is the case with the majority of rosin based fluxes 
properly treated, Lonee RF 710 foams well. At moderate air 
pressure the foam bubble size and the foam height are acceptable. 
The bottom line for this flux is that the residue is 
harmless, foamability is good, but the flux will not clean circuit 
boards effectively enough to produce sturdy solder joints. 
5.7 Lonee SL 20 
This super low solids flux contains between 1 and 3% solid 
material. By keeping the solid content low the manufacturers feel 
that the residue will be cleaner and potentially less harmful. An 
interesting situation arises with this particular flux. It passes 
the silver chromate test yet fails the copper mirror test. • Since 
the copper mirror test is more sensitive to organic acids than the 
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silver chromate test, the experimenter feels that this situation 
indicates the presence of a strong organic acid. Since the effect 
of organics on circuit boards and electronics has not been studied 
closely, it is not known whether this is a good or bad sign. The 
result of the limit value test is a value of 2.8 grams of sodium 
chloride per liter. This is twice as large as the best 
isopropanol based no wash flux but is not unacceptable. 
Chemical analysis shows almost no sign of halide material, 
yet it shows a significant amount of potassium. Ranking below 
sodium, potassium is the least harmful of all the elements that~' 
were analysed for, whether 6.07 ppm is dangerous is a matter of 
speculation. Life testing would be the logical approach for 
·.~· .'"· 'jSP. I 
determination of this risk. Intuition suggests that this raw flux 
'( 
has the least potential danger of all the fluxes tested. 
The residue of this flux is also fairly well behaved. In the 
surface insulation resistance tests it consistently ranks in the 
top 50% of all fluxes tested. Where it remains on the surface of 
the circuit board it appears as dark blotches of material on the 
metallization only. This could be due to the removal of copper 
oxide. Auger spectroscopy of this residue shows some interesting 
results. Rather than showing the potassium that existed in the 
raw flux, very small amounts of fluorine appear. It should be 
noted that the amount of fluorine is almost nom-discernable and is 
most likely less than the .42 ppm evident in the chemical 
analysis. 
Lonco SL 20 has the best solderability of all the fluxes 
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tested. During the wetting balance test, it wets in the least 
amount of time and wicks faster than the other fluxes. Obviously, 
the activity sacrificed by the reduction of fluoride and chloride 
. 
has been replaced by potassium. 
Unfortunately, after all the good news, Lonco SL 20 receives 
only a poor to fair rating on foamability. The foam bubbles that 
form tend to be large and the flux level has to be increased to 
get an adequate foam height. When the air pressure is ~ncreased 
the flux tends to splatter. 
In summary, Lonco SL 20 is one of the best fluxes tested. 
Indications are that the residue will be harmless from a corrosion 
standpoint, and probe testing may be possible through the residue. 
Further studies will be needed to determine how well it 
conformally coats. Solderability is superior to all other fluxes 
and should be acceptable for all electronics purposes. All of 
these positive points make modification of existing foaming 
equipment a viable alternative. 
5.8 Muit:lcore X32F 
This Multicore product, like the Lonee SL 20, passes the 
silver chromate test, has an acceptable limit value, but fails the 
copper mirror test. Supported by evidence from the wet chemical 
analysis, the logical assumption is that Multicore X32 contains 
significant amounts of very active organic acids. The chemical 
analysis turns up very small amounts of potassium and sodium, but 
no significant amounts of halide material. Because the effect of 
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organic acids on electronics has not been researched extensively, 
it can only be stated tentatively that this raw flux appears to 
pose no threats to sensitive electronics. 
Ionic content, as indicated by the surface insulation 
resistance test, appears to be significant. The Multicore 
material ranks near last in all of the test situations, on coated 
and uncoated samples. Though all results of this particular test 
are considered acceptable, leakage currents may be unacceptable 
for densly populated boards such as those encountered in surface 
mounting. 
The residue of this product is noticably different from any 
residue created by the other fluxes tested. It seems to be 
composed of two distinct components. The upper component is grey 
and chalky while the component in contact with the board is a hard 
tannish coat. The grey coating is easily removed with a dry 
cloth, presenting problems in handling and producing a film on 
test probes. 
Auger analysis supports the assumption that this flux does 
not create a dangerous residue. The only impurities remaining in 
the residue are copper evolved from the metallization and trace 
amounts of sodium. This residue is cleaner, from an impurity 
standpoint, than any of the other fluxes that were tested. 
From an applications standpoint Multicore fails miserably. 
Experiments conducted by Kester indicated that the Multicore has 
tremendous difficulties wetting. The wetting balance test shows 
an initial wetting time of almost two seconds. The foam bubble 
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size and foam height are unacceptable at all air pressures. 
Increasing the air pressure causes splattering. 
In final analysis, Multicore X32F is unacceptable from the 
standpoints of application and physical residue characteristics. 
The fluxes inability to wet would create incomplete soldering, 
while the grey residue will introduce problems in handling and 
' 
testing. It is doubtful that the above problems could be 
overcome, but if they were this flux appears to have a relatively 
harmless residue. 
5.9 Summary 
From all the information contained throughout this report, 
coupled with intuition, this section gives the authors 
recommendations of fluxes which should be evaluated further using 
life testing and the recommendations for future ~e~/~arch given in 
the next section. 
The most favorable flux is the Lonco SL 20. It has a 
virtually harmless residue, yet provides good solderability. If 
life testing is successful, it might prove feasible to modify 
existing foaming machinery to make flux application acceptable. 
The Kester products also show promise. Initial studies 
indicate that fluorine is tremendously harmful to electronics, 
however these studies are not conclusive. It is suggested that 
life tests should be carried out on the Kester 922 CXF. If life 
testing is successful, solderability and foamability are 
acceptable with existing equipment. 
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The last recommendation is put forth tentatively for the 
Alpha SM 38-3X. Solderability is still the major concern when 
choosing a flux. In this case solderability is in question. It 
is suggested that solderability tests be carried out on the actual 
boards to be used in production. If this flux can provide 
adequate solder reliability, no other aspects are in question and 
the flux may prove ideal. 
• 
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6. o Rec.:ommendations for Future Work 
The procedure which has been derived for testing no wash 
·--~---- fluxes is complete only from the standpoint of the flux and its ) 
effects on bare boards. For the results to be useful, coptinued 
~ 
research must be done on the other aspects of board soldering and 
final preparatiop. These points will be discussed in the 
following sections. 
6.1 Conformal Coating Adherence 
Conformal coatings must be applied to protect the electronics 
from moisture and environmental contamination. In order to do 
this a strong bond must be maintained between the coating a~4 the 
j '. 
board surface. It is evident that the remaining residue will 
effect this bond in some way. It is suggested that peel testing 
be done on samples which have been fluxed with no wash fluxes. 
6.2 Infrared Reflectance Analysis 
Even after the completion of this evaluation program, the 
exact make-up of the flux residue has not been determined. Is it 
merely a chalky coating or is it a polymer of some type? Infrared 
analysis may be able to determine more exactly what the residue 
is. It has been suggested that the residue itself, if applied 
properly, could serve as a base coat for a sound conformal 
coating. 
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6.3 Solder Bath Effects 
This report has been an example of worst case analysis. It 
has been assumed that the solder bath does ·not remove a 
significant amount of contaminates from the surface, even though 
many of the manufacturers state that it does. It is suggested 
~. 
that a similar evaluation be carried out on samples which have 
been run through a complete soldering process, not just a 
temperature simulation.· It is further suggested that the solder 
,·, 
bath should be examined for build up of harmful amounts of 
contaminates contained in the fluxes. 
6.4 ~ Evaluation of Cleaning Methods 
If the completed evaluation determines that the residue is in 
fact too dangerous to leave on the boards, cleaning methods should 
be evaluated on the basis of their effectiveness and feasibility. 
It is entirely possible that the combination of a no wash flux and 
an alternative cleaning method may prove to be cost effective. 
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Appendix A 
Equipment Design and Specifications 
for 
Foaming Experiments 
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Flux Machine Design 
Specs: 
Bottom: ( 1) _ 
Width 3.5 
Length 9 
inches 
inches 
Total Bottom Area 31.5 Square Inches 
Tank Side: (2) 
Length 9 inches 
Height 4.5 inches 
Total Tank Side Area 40.5 Square Inches 
Tank End: Left 
Width 
Height 
Total Tank 
3.5 inches 
4.5 inches 
End Area 
Tank End: Right 
Width 3.5 inches 
Height 4.5 inches 
15.75 
Hole Diameter .5 inches 
Square Inches 
Hole Location: in Center 1.5 inches from top 
Total Tank End Area 15.55 Square Inches 
inches 
inches 
inches 
Tank Top Side: (2) 
Bottom Length 9 
Top Length 6 
Center Height 2.5 
Total Top Side Area 18.75 Square Inches 
Tank Top End: (2) 
Bottom Width 
Top Width 
Center Height 
Total Tan~ Top 
3.5 
.5 
2.5 
End 
Center Tube (Aerator): 
inches 
inches 
inches 
Area 5 
Outer Diameter 1.5 inches 
Length 9 inches 
Total Machine Specs: 
Square Inches 
Total Area of Flat Plexiglass Needed: 191.3 Square Inches 
Total Tube Length Needed 9 Inches 
Volume of Tank (ie to fill line) 125.8 Cubic Inches 
.58 gallons 
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Appendix B 
Standard Oxidation Potentials 
and a 
Listing of Corrosion Terminology 
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Table 1 
Standard oxidation Potentials, E0 
Electrode Reaction ·Eo (volts, 2s0 c) 
Li• Li++ e-
K • K+ + e-
Na •Na++.-
Al ._ Al+3 + 3e-
Zn •Zn+++ 2e-
Fe =Fe+++ 2e-
Ni •Ni+++ 2e-
H2 • 2H++ + 2e-
Cu =cu+++ 2e-
Ag + -= Ag + e 
Pd= Pd+++ 2e-
pt =Pt+++ 2e-
Au = Au+3 + 3e-
.J 
. 3 .OS 
2.93 
2.71 
1.66 
0.763 
0.440 
0.250 
0.000 
-0.337 
-0.800 
-0.987 
-1.2 
-1.50 
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Table 2 
Listing of Terminology 
Oxidation - Loss of electrons from the electrode into the external 
circuit. 
Reduction - Gain of electrons from the external circuit into the 
electrode. 
Anode - The positive te1minal. 
\ Cathode - The negative te1minal. 
\ 
Electron Movement is from(-) to(+). 
Electrolyte - Medium of electrical conductivity within the cell. 
Cation - Positively charged ions which migrate toward the cathode 
where they are reduced. 
Anions - Negatively charged ions which migrate toward the anode 
where they are oxidized. 
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Appendix c 
Procedures for: 
t 
. I 
Silver Chromate Test 
Copper Mirror Test 
and 
Wetting Balance Test 
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1.a Scape This test method is designed to detennine lhe 
pre se ce Of any) of chlorides and bromides in rosin soldering 
l'ux ty visual examination after placement on test paper. 
-
2.0 Appllcable documents None. 
3.0 THt apeclmen A minimum of 100 mr of first article or 
proouction specimen of liquid rosin flux furnished in a new 
cJear. glass container. 
• 
4.0 Apparatus 
,.1 Sjx pieces of silver chromate test paper 2 • x 2 • 
4.2 Six fluid ounces of reagent grade isopropyi alcohd. 
5.0 Procedures · 
5.1 Preparation 
• 
a. The silver chromate paper is extremely light sensitive and 
must be stored in a closed container. away f rem light ur:1til used 
for testing. 
b. To ~d contamination. the paper must be handled with 
forcecs and must never be touched with bare hands. 
5.2 . Test For liquid flux or Hux extract solution. 
5.2.1 Place one drop of test flux (approximately 0.05 ·mQ on 
each ::,eece of silver chromate test paper. AlloYI the droplet to 
· rema !'l on each test paper for a minimum of 15 seconds. . 
5.2.2 After the 15 seconds, immediately immerse each test 
pa;,er in _clean isopropyl alcohol to rem<M! the residual organic 
mareras. 
5.2.3 AJ'DN each test paper to dry for 10 mirutes, then ex· 
amine for cdor change. 
5.3 Test for Solder-Paste Rux 
S.3. 1 Clean a glass microscope slide with IPA sol'Jent and air 
dry. 
. 
1.3.2 Moisten a piece of silver chromate reagent paper of 
suitable size with distilled water. 
, 
• .. . ..-.--
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PAS~ 
Figure 1 Chlorf des and/or bromides test results 
5.3.3 Apply the wet paper to the glass slide and remove the 
excess water with bk>tting paper. 
5.3.4 Using a spatula apply a thin coating of the sader-paste 
flux directly to the most reagent paper. 
1.3.5 Allow the sdder-paste flux to remain in contact with the 
paper for 1 mirute. then remove the nux with IPA without dis· 
turbing the paper. 
5.4 Evaluation Carefully examine each test sheet for poSS1· 
ble color change. A change to off-white or yellow-white indcates 
the presence of chlorides or· bromides. See Figure 1. 
,.o Not• 
1.1 Interference• A rumber of chemicals besides free ha· 
tides may cause test f a,lures. (Example = amines. cyanides. 
isocyanates. etc. 
1.2 Certain acidic solutions may react with the reagent paper 
to provide a color change similar to that obtained with chlorides 
and bromides. When a color change ,s observed. it as advisable 
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~means. 
l •. 1.3 Source For Si1Yer Chromate Test Paper. 
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TEST METHODS MANUAL 
1.0 leap• This test method is designed to determine the 
ra r ,oval effect the flux has (If any) on the bright copper mirror 
film which has been vacuum deposited on clear glass. 
IPC-S 115 General Requirement for Soldering Electronic In-
terconnections. 
MIL-F-14256 Flux, Soldering, Liquid (Rosin Base}. 
3.0 1Nt specimen A minimum of 100 ml of first article or 
production specimen of liquid rosin flux furnished in a new 
clean polished glass container. 
4.0 Apparatus 
4.1 One pint of control standard rosin flux, class A, type 11, 
grade WN, of LLL-A-626. 
4.2 One pint of reagent grade (990/o pure) isopropyf aJcohol. 
4.3 A vacuum deposition system or the means to procure 
glass test panels having a copper mirror coating as described 
in paragraph 5 below. 
4.4 One pint of reagent grade 5% solution of ethylene diamine 
tetra acetic acid. 
,.s One pint of reagent grade ethyl or methyl alcohol. 
,.1 100 ml medicine bottle with dropper. 
,.1 Test cabinet capable of achieving 23°C ±2° and 50% 
± 5% relative humidity. 
4.1 Glass slides 
s.o P1ocedurN 
S.1 Pr•pandlon 
---_,..._. ______ ......, ....... 
REVISION 
A 
1.1.2 P11pc;allcwl of capper llllrror t111 ......... 
1.1.2.1 Apply by vacuum deposition, a film of ~per metal 
on one surface of a flat sheet or clear, polished gtass. 
1.1.2.2 Apply a uniform thickness of approx. 240 Angstroms 
and assure that the finished mirror permits 10% ± 5% trans-
mission of normal incident light of nominal wave length of 
5,000A. (5,000 Angstroms is equivaJent to 20 microinches.) 
This may be determined using a suitable photoelectric 
spectrophotometer. Commercially available copper mirrors 
meeting the ~ specifications are acceptable. Evaporated 
Metal Films Corp., Ithaca N.Y. or equivalent. 
1.1.2.3 Prevent oxidation of the copper mirror by storing in a 
closed contajner which has been flushed with nitcogen. 
5.1.2.4 Immediately before testing, immerse the copper mir-
ror in a 50 grams per liter solution of ethylene diamine tetra 
acetic acid for copper oxide removaJ. 
1.1.2.5 Rinse thoroughly in running water, immerse in clean 
ethyl or methyl alcohol, and dry with clean, oil free air. 
1.1.2.1 Carefully examine the mirror before testing. There 
must be no oxide. 
1.2 Teat 
5.2.1 Place the copper mirror test panel on the face of flat 
surface, mirror side up. and protect from dust and dirt at all 
times. 
1.2.2 Place one drop of flux to be tested (approximately 0.05 
mO on each copper mirror test panel. Do not allow the dropper 
to touch the test panel. 
1.2.3 Immediately also place one drop of the control standard 
flux adjacent to the test flux. Do not allow drops to touch. 
5.1.1 PrtprraUan of control standard flux Dissolve 35 1.2.• Place test panels in a horizontal position in the dust free . 
gms of Federal Specification LLL-R-626 rosin into 100 ml of cabinet at 23 °C ± 2 ° and 5()0/o ± 5% relative humidity for 24 
reagent grade 990/o _!!opropyl ~~-a~.~r thoro~~~I)'. _______ ,, ___ ~~- ~ 1~~ ~ur. _ _ ____ _ __ .. __ __ _ _ __ 
---
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REVISION Am lndua1d C0t1aalD11 (C1ppar lllnor lla•aod) 
A 
1.2.1 At the end of the 24 hour period. remCNe the test panels 
and remove the test flux and contra standard fluxes by immer-
sion in clean isopropyl aJcohol. 
1.3 Bvaluallon 
1.3.1 Carefully examine each test panel for possible copper 
removal or discoloration. 
1.3.2 If there is any compete removal of the copper film as 
evidenced by the background showing through the glass test 
flux has failed. See Figure 1. 
1.3.3 If the control flux fails. repeat the entire test. using new 
copper mirror test panels. 
1.3.4 Discoloration of the copper film due to a superficial 
reaction or only a partial reduction of the copper film thickness 
is not considered a failure. 
5.3.5 Interferences A number of chemicals can cause fail-
ure of copper mirror: free halides, stronger organic and inor-
~;. 
ganic acids and free amines. 
1.0 Not•• 
PASS FAIL 
,· 
4ure 1 Copper mlrmr test ~-Its --------- ·--· _ _ .. ·-- . -·· -------·----··------ -· __ _ __ . 
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SOLDERABILITY TESTING MADE SIMPLE 
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Now Solderability can be 
judged accurately and easily 
Solderability Control Means 
Improved Product Quality 
and Reliability 
Metal surfaces vary considerably in their ability to wet with 
or accept solder. Precise determination of the solderability 
of these surfaces allows more efficient, cost-effective 
production planning, particularly when automatic 
soldering is being used. 
The Kester Solderability Tester uses the internationally ., 
1ccepted wetting balance method to evaluate the 
&olderability of circuit boards and components. 
--- ··- - -- -
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Machine Solderability Testing 
Machine testing evolved from a need for a non-subjective 
method to evaluate solderability. Operator judgement and 
other testing variables found in traditional "dip and 
inspect" methods are eliminated. All factors of testing are 
controfled and reproduced precisely each time. 
The mechanical system, coupled with precise electronic 
integration, enables an operator to quickly determine if metal 
surfaces meet established solderability criteria. 
' \_ 
·• 
' 
- . . . . . , ' .. ,, - . 
. - ......... ··.• . . . 
. ' . 
' . -. 
. .• ..... 
. . 
- . 
. .. 
. . ., . 
.... :tJ~eate~:~1derabll~ty Teater . • 
. :_.-·\:.~.~~~-~A llcatlons: . ~ ~ . : · . ·. . .· 
J - - pp . - . .. . ·-· ·-~ . . - -. .. . . . . . - . .... . . . 
·. ·-1-.~--.-· ·-: . .,.- ..... ~., .... ...-----· - . ..- __ ..,._ ... -. ~······-·· '\, ..•.. -·--..... .. 
. ·' . ,, ·. • Solderability inspection of incoming circuit board test 
· ~ coupons and components; 
. . 
• · Quality control inspection of incoming flux and solder 
\ . assist chemicals. · · · · · · · 
.. . • Compliance to MIL-STD-883 Method 202a JIS C 5033, 
· .. -~ . · . ~ IEC 68-2-54 and DIN 32506 standards. 
--~:~ .. :_ ·· • Solderability testing of outsized parts not normally testable. 
• Research into suitability of process parameters and/or 
soldering materials selection. 
· • Comparative evaluation of the .solderability of component 
parts from various manufacturers. 
• A conb olled dipping device for solderability testing in 
accordance with MIL-STD-202, Method 208. 
• Trouble-shooting tool to determine the cause of production 
soldering problems. 
. . 
. . 
, __ , 
\ 
.. 
Kester Unique Features 
• Direct digital readout 
• Universal component holder for simple, fast chucking of 
parts being tested. 
• Fine diameter wires can be tested with the adjustable 
sensitivity control. 
• The Solderability Tester can be used with existing solder 
pots when desired. 
• The precision electronic balance is adjustable for testing 
parts weighing more than 20 grams. \ 
• One push button operates the main dip unit, computer 
integrator and chart recorder automatically. 
• Green and red indicator lamps give immediate pass/fail 
results, with a two color print-out for reference. 
• The simple operation allows over a hundred 
tests per hour . 
• Little operator training necessary. 132 
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Functional _Slmpllclty 
Rell~~le ~este~ ~uallty 
The Kester Solderablllty Tester measures the change In 
weight (force) of a fluxed metal specimen (A) dipped into a 
solder bath over a period of time (weight change over 
time). A dipped specimen initially depresses a downward 
curved surface In the solder (8) while the specimen 
remains in the non-wetted condition. 
During the period (B to C) an upward force equal to the 
weight of solder displaced is exerted on the specimen. As 
wetting begins, the solder moves up the sides of the 
specimen, rising to the solder bath level (C), and then 
above the bath as wetting spreads upward (0 and E). This 
wetting action produces a downward force on the 
component equal to the weight of solder spread. The 
specimen is withdrawn from the solder bath (F) and the 
test is concluded(G). When these weight changes are 
recorded as a function of time, the speed of wetting 
(solderability) can be determined. 
PW 
+ 
Wettin9 0 _____ .... _... __ __..__. TIME -Force 
._. ____ _ 
-
Solderability Analysis 
Certain points along the time/force plot are considered 
important in solderability analysis: 
• T1 (8 to C) time from initial immersion to return to base 
line. 
• T2 (8 to D) time from initial immersion to a variable 
selected point on the wetting force curve. 
• W (E) maximum wetting force. 
• PW (0) selectable percentage of force W where T2 
intersects the wetting curve. 
The computer integrator unit measures these three points 
and compares them with operator preset limits. Green or 
red indicator lights and a two color print-out indicate 
acceptable or rejectable solderability. The chart recorder 
also allows analysis of all points individually along the test 
plot. 
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Solderability Tester Main Unit Drive Specifications: Model KS-100 
THERMOSTATIC SOLDER BATH 
Temperature range •.................. Ambient to 400°C ± 2°c (750°F + 3°F) 
Capacity ............................• 3 kg (6.61bs) 60/40 solder 
Power consumption ...•.....••........ 500 watts, 115 volts 
Removable pot dimensions ............ 75mm diameter x 80mm deep 
External dimensions .................. 25 x 30(0) x 14cm(H) 
Weight .............••............... 11 kg (22 lbs) 
MEASUREMENT SYSTEM 
Stress detector sensitivity .............. 1 mg 
Stress indicator ranges •.....•......... 0.5, 1.0, 2.0, 5.0 grams 
Sample dead load adjustment range ....• 20 grams 
Immersion entry speed ........•........ 2, 4, 8, 16 and 25mm/sec. 
., 
Y\. 
Immersion depth • . . . . . . . . . . . . . . . . . . . . Adjustable 0, 2, 4, 8, 12mm preset and 50mm manual 
Immersion time . . . . . . . . . . . . . . . . . . . . . . Adjustable 2, 3, 4, 5, 7, 1 0 and 30 seconds 
Power consumption . . . . . . . . . . . . . . . . . . 80 Watts, 115 volts, 50/60 Hz 
External dimensions . . . . . . . . . . . . . . . . . . 30 x 30 x 47 cm (H) 
Weight ............................... 22kg (44 lb) 
Solderability Tester Indicator Specifications: Model KS-11 O 
Printout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T1 , T2: 0.00 to 9.99 seconds 
W: 00.0 to 99.9 % of stress 
Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Display with go/no go LED green/red lamps, 
printer, recorder 
Power consumption . . . . . . . . . . . . . . . . . . 35 watts, 115 volts, 50/60 Hz 
External dimensions . . . • . . . . . . • • • . • • • • 38 x 28(D) x 13cm (H) 
Weight . • • . • • . . • • • • • . . . . . . . . . . • . • • . • . 7Kg (15 lbs) 
Solderability Tester Chart Recorder Specifications: Model KS-130 
Input range . • . • . . • . . . • . • . . • . . . • • • . . . • 1 mv-100v 
Chart speed . . . . . • • . • . . • . . . . . . . . • • . . . 15 to 1200mm/minute and hour 
Pen speed •.....•.•..••.....•...•..• Greater than 800mm/sec. 
Auto ~ta~Stop ••••••..••.•.•••••.•.•• Remote on/off drive switched from main 
J ,, unit automatically 
,· ~· -power consumption • . . • . . . • • . . • • • . • • • 30 watts, 115 volts, 50/60 Hz 
" . External dimensions • • • • • • • • • • • • • • • • • • 38 x 42{0) x 14cm1H) 
Weight ••••••• ~ • • • • • • • • • • • • • • • • • • • • • • 10kg (22 lbs) · 
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